
. 
r c 

* 
t 

... 

.f --3 



I 
c 

1 t 

NATIONAL BUREAU OF STANDARDS REPORT 
NBS PROJECT NBS REPORT 

221-11-2210461 September 15, 1964 8554 

A NEW METHOD FOR COOLING PHOTOCONDUCTIVE DETECTORS 

bY 

Stanley Abramowitz, A, M. Bass, and A. E. Ledford, Jr. 

Technical Report 

Washington, D.C. 

to 
National Aeronautics and Space Administration 

NASA Order No. R-64 

! .  IMPORTANT NOTICE 

NATIONAL BUREAU OF STANDARDS REPORTS are usually preliminary or progress accounting documents intended 
for use within the Government. Before material in the reports is formally published it is subjected to additional evaluation 
and review. For this reason, the publication, reprinting, reproduction, or open-literature listing of thii Report, either in 
whole or in part, is not authoriued unless permission is obtained in writing from the Office of the Director, National 
Bureau of Standards, Washington 25, D.C. Such permission is not needed, however, by the Gowrnment agency for which 
the Report has been specifically prepared if that agency wishes to reproduce additional copies for ik own use. * 

U. S. DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 



Preface 

A nanuscript 

will be 

Letters 

optics. 

submitted 

based upon this report 

for publication in the 

to the Editor Section of Applied 



A NEW METHOD FUR COOLING PHOTOCONDUCTIVE DETECTORS* 
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... Stanley Abramowitz , A.  M. Bass, and A. E. Ledford, Jr. 

. The use of cooled photoconductive devices as de tec tors  

for the  in f r a red  regton i s  widespread. 

de tec tors  such as the l ead  (11) salts, (PbS, PbSe, and PbTe) 

I n  most of these  

the  signal-to-noise r a t i c  varies inverse ly  as the  square r o o t  

of the  a rea  of the  detector .  

use as small a de tec tor  as possible. 

Therefore it i s  advantageous t o  

Since the  photoconduc- 

t i v e  de t ec to r s  a r e  of ten  mounted i n  bulky dewars, i t  i s  common 

p rac t i ce  t o  r e d i r e c t  as well  as t o  demagnlfy the  image. "his 

avoids v igne t t ing  a r a t h e r  l a r g e  amount of the beam with the  

dewar. 

sbidal  mirrors  o r  Cassegralaian type opt ics  f i rs t  demapify 

Most of these methods, such as the  use of two e l l i p -  

t h e  beam and then magnify the  beam and br ing it t o  focus of t he  

surface of the  photoconductive device. The use of  o f f - ax i s  

op t i c s  such as off-axls t o ro ida l  mirrors ,  o r  90° of f - ax i s  

e l l i p s o i d s  o f t en  tends t o  d i s t o r t  the image and make it d i f fuse  
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thereby making t h e i r  use unsui table  for s m s l l  de t ec to r s .  

The op t i ca l  system reported here  u t i l i z e s  an e l l i p s o i d a l  

m i r r o r ,  placed i n  a vacuum chamber, which focuses a dmagni f ied  

image of the  e x i t  s l i t  onto a photoconductive de t ec to r  mounted 

on a rod i n  contact  with l i q u i d  n i t rogen ,  ( see  Figure 1) The 

e l l i p so id  i s  used on-axis and has a demagnification r a t i o  of 

about 6 (fl= 7.19", f,= 1.34."). A 1/4" O.F.H.C. cop2er rod 

which i s  screwed i n t o  the  bottom of a one- l i te r  spner ica l  s t a in -  

l e s s  s tee l  dewar i s  used t o  suppx-t t he  de tec tor .  The por t ion  

of the rod which p ro jec t s  i n t o  the op t i ca l  pa th  i s  turned down 

t o  l/fY. Ths de tec tor  i s  mounted with s i lver  conducting p a i n t  

on a flat milled on the  end of the rod. The e l l i p s o i d  i s  

mounted wi th in  the  dewar vacuum space. The dewar, and hence 

the detector ,  i s  fas tened t o  the  chamber which contains the  

mirror through two f langes which a r e  connected by a f l e x i b l e  

bellows. The aluminum tube and adaptors for mounting of  t he  

dewar and e l l i p s o i d  a r e  d i p  welded and black anodized. Fine 

adjustment of the de tec tor  pos i t i on  i s  accomplished by means 

of three 3/8" hexagonal-stock p ivot  screws at tached through the  

flanges and separated by 120O. 

t e r  of  f/10 aper ture  about 10% of the beam i s  v igne t ted  by t h e  

1/8" rod. 

1 

I n  t h e  e x i t  beam o f  a spectrome- 

With instruments employing f/4.5 op t i c s  much l e s s  of 
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t h e  beam would be l o s t .  

this f igu re  without s ign i f i can t ly  a l t e r i n g  t h e  r a t e  o f  cooling 

of the de tec tor .  The r a t e  of  tenperature drop o f  t he  de tec tor  

a f t e r  addi t ion o f  r e f r i g e r a n t  may be followed by measuring the 

increase  of i t s  resis tance.  In this system about lo-15 minutes 

a r e  required t o  cool the  de tec tor  t o  l i g u i d  ni t rogen tempera- 

tu re .  

The use of 1/1611 rod would improve 

The system i s  separated from the  monochromator by a su i t ab le  

window. 

micron region. 

adequate f o r  evacuation of the  e l l i p so id -de tec to r  compartment as 

w e l l  as the (wmocimxwtor Oe abut 15 

l i t e r s ) .  A pressure o f  loe5= Hg i s  r ead i ly  ob tdned  and a 

s ing le  f i l l i n g  of  the dewar (1 l i tsr)  will l a s t  f o r  more than 

24 hours. 

1-4 micron region with a PbS de tec tor .  

A calcium fluoride windo-d may be used for the  1-10 

I n  this system a 2" oil d i f fus ion  pump i s  

T h i s  arrangement has been used s a t i s f a c t o r i l y  i n  the  
2 

It should be possible  t o  use other  photoconductive and 

thermocouple de tec tors  i n  this same arrangement. All that i s  

required i s  mounting of the detector  on a su i t ab le  copper rod, 

and screwing this rod i n t o  the  bottom of the dewar. 
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ThP ellipsoid and mount are available from the Perkin-Elmer 

Corporation, Norwalk, Corn. 

a Eastman-Kodak Ektron Type P-2. 



FIGURE CAPTION 

Figure 1 - Schematic Magram of Low Temperature 

Detector Mount. 
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